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We have explored a role for the adenovirus (Ad5) E1b58kDa/p53 protein complex in adenovirus replication. This was
done by using virus mutants containing different defects in the E1b58kDa gene and cell lines that express either a wild-
type p53 protein or a mutant p53 protein. We find that infection of wild-type p53-containing cells with wild-type Ad5 causes
a shutoff of p53 and a-actin protein synthesis by distinct mechanisms, but neither occurs in mutant p53 cells. Our data
also indicate that the shutoff is dependent on formation of the p53/E1b complex and may also involve another virus protein,
E4ORF6. Following from these observations we asked whether failure to form the complex resulted in impaired adenovirus
replication. Our experiments showed that neither wild-type Ad5 nor the E1b mutant dl338 could replicate in cells expressing
a mutant p53 protein, but that wild-type adenovirus replicated well in wild-type p53-expressing cells. Collectively, our data
suggest that the interaction between p53 and the E1b58kDa protein is necessary for efficient adenovirus replication. This
is the first time such a direct link between the complex and virus replication has been demonstrated. These data raise
serious questions about the usefulness of E1b-defective viruses in tumor therapy. q 1997 Academic Press
INTRODUCTION protein expression, and are defective in host cell protein
synthesis shutoff (Babiss and Ginsberg, 1984; Babiss et
The E1b transcription unit of human adenoviruses is al., 1985; Pilder et al., 1986; Yew et al., 1990). These and
near the left-hand end of the virus genome, which, in other data suggest that, during a productive infection,
the case of adenovirus 2/5 (Ad2/5), encodes five alterna- E1b58kDa discriminates viral from cellular mRNAs and
tively spliced mRNAs (Chow et al., 1979; Virtanen and actively promotes the transport of viral mRNAs to the
Pettersson, 1985), which give rise to multiple protein polyribosomes for translation, while simultaneously in-
products (reviewed in Boulanger and Blair, 1991). The hibiting transport of cellular mRNAs (Leppard and Shenk,
best studied of these E1b products are the 58- and 19- 1989). Recent evidence suggests that E1b58kDa may
kDa species whose coding sequences overlap about have an additional function in altering cell cycle controls
40%, but they are in alternate reading frames, such that (Goodrum and Ornelles, 1997).
the amino acid sequences are quite disparate (see Bou- In addition to playing important roles in the virus lytic
langer and Blair, 1991). cycle, both E1b products can contribute to cell transfor-
The most well-documented function of E1b19kDa in mation initiated by the E1a gene. E1a proteins bind the
productive infection is to protect against virus-induced retinoblastoma susceptibility gene product p105Rb
cell death. Adenoviruses with mutations in the 19-kDa (Whyte et al., 1989) and related family members, which
gene show enhanced cytopathic effect resulting in cellu- results in the release of transcription factors such as E2F
lar destruction (Takemori et al., 1968; Subramanian et and the premature induction of DNA replication (Braith-
al., 1984) and substantial generalized DNA degradation waite et al., 1983; Qin et al., 1994; Wu and Levine, 1994).
(Pilder et al., 1984; White et al., 1984). Presumably, the This, in turn, causes apoptosis, in some cases mediated
consequence of this 19-kDa protection is the prevention by p53 (Rao et al., 1992; Debbas and White, 1993; Hansen
of premature cell death so that the virus can complete and Braithwaite, 1996), which can be blocked by E1b19-
its replication cycle. kDa, a protein similar in structure and function to the
Adenovirus mutants containing defects in the E1b58- antideath gene bcl-2 (Rao et al., 1992; Debbas and White,
kDa gene all show poor virus growth on HeLa and other 1993; Chiou et al., 1994; Hansen and Braithwaite, 1996).
human cells, are severely repressed in late (structural) The mechanism by which E1b58kDa contributes to cell
transformation is less clear, although it may also block
p53-mediated apoptosis (Rao et al., 1992; Teodoro and
1 Made equal contributions to the project. Branton, 1997) by direct interaction with p53 (Sarnow et2 Present address: Division of Biochemistry and Molecular Biology,
al., 1982; Zantema et al., 1985; Braithwaite et al., 1991).JCSMR, ANU, Canberra, Australia.
Significantly, Yew and Berk (1992) have shown that 58-3 To whom reprint requests should be addressed. Fax: (64 3) 479-
7279. E-mail: antony.braithwaite@stonebow.otago.ac.nz. kDa mutants defective in p53 binding are unable to coop-
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erate with E1a in transformation and also that the binding contain a p53 gene with several mutations—E-271-K, V-
274-F, and K-320-N (IARC database)—and also expressof 58-kDa to p53 inhibited the transcriptional transactiva-
tion function of p53. In some cases, p53-dependent tran- a 240/ p53 protein (data not shown).
scription is necessary to induce growth arrest and
apoptosis (reviewed in Hansen and Oren, 1997). Adenoviruses
Although there is a considerable body of literature on
the nature of the p53/E1b complex and on its possible role Wild-type Ad5 and E1b mutants dl338, H326, H354,
A262, and R309 were used for the experiments describedin transformation, the fact that it occurs during infection
(Braithwaite et al., 1991; Grand et al., 1994) and is con- in this paper. Dl338 contains an in-frame deletion be-
tween bp 2805 and 3309 but does not produce a detect-served (Grand et al., 1994) suggests that it also plays a
role in the virus life cycle. However, the evidence for this able E1b product, presumably due to its instability (Pilder
et al., 1986). The other viruses contain 4-bp insertionis limited. That the complex might play a role in virus
replication comes from the observations that during infec- mutations immediately following the codons indicated by
the mutant numbers. These mutants all express stabletion of A549 cells with Ad12, p53 was switched off and
this was dependent on expression of E1b (Grand et al., E1b58kDa proteins (Yew et al., 1990). Of these viruses
only wt Ad5 and H354 bind p53 (Kao et al., 1990). All1994). In addition, a recent report showed an adenovirus
mutant that does not express E1b58kDa (dl1520) could viruses were grown on HeLa (wt Ad5) or 293 cells (mu-
tants) and titrated using the fluorescent cell countingreplicate in tumor cells containing mutant p53 genes
(Bischoff et al., 1996), suggesting that removal of the E1b procedure (Philipson, 1961).
gene circumvents the need for interaction with p53.
In this paper we have further explored a role for the Infection
p53/E1b complex in virus replication. Here we show that
the switch-off of p53 is dependent on the complex, as is Unless otherwise stated, about 3–4 1 106 cells in
100-mm tissue culture plates were infected with 20–50generalized host protein synthesis shutoff, and both oc-
cur only in cells expressing a wild-type (wt) p53 protein. infectious units (iu) of virus in 1.0 ml of serum-free
DMEM. After 1 hr at 377, the virus inoculum was removedFurthermore, in mutant p53-expressing cells in which p53
is not switched off on infection, we find that adenovirus and replaced with 10 ml DMEM containing 2% fetal bo-
vine serum (FBS). Cells were then incubated at 377C/5%grows poorly. These data suggest a role for the p53/
E1b58kDa complex in adenovirus replication. CO2 for differing periods.
MATERIALS AND METHODS Protein analysis
Cell lines
Immunoprecipation analysis for detection of p53, a-ac-
tin, and adenovirus early proteins was carried out as de-Several human cell lines were used for the studies
described in this paper. HeLa cells (ATCC CCL2) and 293 scribed by Ridgway et al. (1994). Briefly, after cells were
radiolabeled with 100 mCi of 35S translabel (1192 Ci/mmol,cells [a human embryonic kidney cell line containing the
E1a and E1b genes (Graham et al., 1977)] were used for ICN Bichemicals, Irvine, CA) for 2 hr, they were lysed and
immunoprecipitation was carried out with specific anti-propagating wt Ad5 and E1b-deficient viruses. A549 lung
cancer, HT1080 fibrosarcoma, T98G glioblastoma, and bodies: PAb421 (Harlow et al., 1981) for p53; M73 (Harlow
et al., 1985) for E1a proteins; and the a-actin antibody was143BTK0 osteosarcoma cells were all used for the experi-
ments. A549 cells contain a wt p53 gene by sequence Catalog No. 03-3100 (Zymed Laboratories Inc.).
analysis (Lehman et al., 1991) and they express a p53
protein that is immunoreactive with the wt p53-specific Adenovirus DNA replication analysis
antibody PAb1620 but does not react with the mutant-
specific antibody PAb240 (data not shown). Similarly, About 1 1 106 cells in 10-cm dishes were infected
and, at different times postinfection, were lysed and totalHT1080 cells contain a wt p53 gene (Sharma et al., 1993)
and they too express a p53 protein with a 1620//2400 DNA was extracted. Ten micrograms of DNA was then
cleaved with 50 units of HindIII overnight, electropho-phenotype (data not shown). 143BTK0 cells contain a mu-
tated p53 gene with a deletion at codon 156 (Romano et resed on 1% agarose, and blotted onto Hybond-N/ mem-
brane. The transferred DNA was then hybridized (657 inal., 1989) and express a protein that is 240//16200 (Whi-
taker et al., 1995). T98G cells contain a missense mutation 51 SSPE, 51 Denhardt’s, 0.1% SDS, and 50 mg/ml
sheared salmon sperm DNA) to a 32P-labeled probe (BRL-at codon 237 in which methionine has been changed to
isoleucine (Ullrich et al., 1993). We have confirmed this Gibco RTS-Radprime DNA labeling system) correspond-
ing to the 5* end of the E1b58kDa gene (bp 2016–2803).mutation and additionally shown that the p53 protein has
a 240//16200 phenotype (data not shown). J82 cells were After being washed in 0.1% SDS/0.21 SSC at 657, the
blot was exposed to X-ray film at 0707.also used in one experiment (see Fig. 5). These cells
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Measurement of adenovirus growth (CPE assay)
The cytopathic effect (CPE) assay is a modification of
that described previously by Precious and Russell (1985).
In brief, about 3 1 104 cells/well in 96-well plates were
infected with virus at different dilutions in a total volume
of 200 ml 0.5% FBS/DMEM. After 68 hr at 377, the media
and dead cells were aspirated and cell loss was deter-
mined by changes in protein levels in each well. Protein
estimation was by addition of 200 ml of Pierce BCA pro-
tein assay reagent, followed by gentle shaking. The re-
agent is a solution containing 0.1 M NaOH which solubi-
lizes cell membranes on agitation. Color was developed
at 377 for 30 min and read at 570 nm on an Anthos plate
reader. The raw data are calculated as a proportion of
the uninfected control and plotted as relative protein con-
centration (y axis) against virus dose (x axis), with 100
representing the uninfected control value in each experi-
ment. This is our measure of CPE. All values represent
a mean of four data points { the standard error of the
mean (SEM), if greater than or equal to 5% of the mean.
Each experiment has been carried out two to four times.
A variation of this assay was carried out in one experi-
ment reported in this paper (see Fig. 6). In this instance,
about 1 1 106 cells were seeded into 10-cm tissue cul-
ture dishes in DMEM/0.5% FBS. Subsequently, they were
infected and 2–3 days later the medium was aspirated,
and the cells were washed and then fixed and stained
in 20% ethanol/0.1% crystal violet. Stained cells were
photographed to demonstrate virus-induced CPE.
FIG. 1. Human wild-type p53 protein synthesis, but not mutant p53RESULTS
protein synthesis, is shut off by the E1b58kDa protein during infection
with wild-type Ad5. Cells were infected with 20 IU/cell of either wt Ad5Wild-Type Ad5 causes a shutoff of wild-type but not
or the E1b-defective virus dl338. At indicated times p.i., cells were radiola-mutant p53
beled with [35S]methionine, and lysed, and immunoprecipitations were
To confirm and extend the observations of Grand et carried out with specific antibodies PAb 421 for p53 and M73 for E1a
proteins. The results were analyzed by SDS–PAGE and fluorography.al. (1994) with Ad12, four human cell lines were infected
(a) p53 expression after infection of two wt p53-expressing cell lineswith wt Ad5 and p53 expression was assessed at differ-
(A549 and HT1080) with wt Ad5 and dl338. (b) p53 expression after
ent times after infection by immunoprecipitation with the infection of two mutant p53-expressing cell lines (143B and T98G) with
p53-specific antibody PAb421 (Harlow et al., 1981). The wt Ad5. (c) E1a protein levels after infection of A549 and 143B cells.
cell lines were A549 as used by Grand et al. (1994),
which expresses a wt p53 protein (Lehman et al., 1991;
Whitaker et al., 1995); HT1080 cells, which also express When a similar experiment was carried out in the mutant
p53 cell lines 143B and T98G, no shutoff of p53 was ob-a wt p53 (Sharma et al., 1993); 143BTK0 (143B) cells,
which express a mutant p53 (Romano et al., 1989; Whi- served after infection with wt Ad5. The results for both cell
types are shown in Fig. 1b, which clearly demonstratestaker et al., 1995); and T98G cells, which also express a
mutant p53 (Ullrich et al., 1993; Whitaker et al., 1995). that p53 levels remain constant throughout the time course
of the experiment (and at 30 hr p.i., data not shown).Results of this experiment (Fig. 1a) showed a time-depen-
dent decline in detectable p53 protein after infection with To determine whether the failure to obtain p53 shutoff
in 143B and T98G cells was due to a failure in infection,wt Ad5 in the wt p53-expressing cell lines (A549, HT1080)
such that by 15 hr p.i., little or no p53 was detectable. cells were infected with wt Ad5, and, at different times
postinfection, viral E1a protein expression was assessedBy contrast, no such decline was observed in cells in-
fected with the E1b58kDa mutant dl338 which fails to by immunoprecipitation. These data show (Fig. 1c) that
wt Ad5 readily infects 143B cells as indicated by levelsexpress a detectable E1b58kDa protein (Pilder et al.,
1986). These data show that p53 shutoff requires an in- of E1a proteins similar to those obtained in A549 cells
in the same experiment. These data are consistent withtact E1b58kDa as reported by Grand et al. (1994) for the
Ad12 E1b54kDa protein. other results in which analysis of viral DNA 3–4 hr p.i.
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using the polymerase chain reaction showed little differ-
ence between all cell lines tested (data not shown).
These data show that failure of wt Ad5 to shut off p53
in 143B and T98G cells is not due to a failure of the cells
to be infected. We conclude from these data that wt
Ad5 causes a shutoff of wt but not mutant p53 protein
expression and that the p53 shutoff is dependent on the
E1b58kDa protein.
Shutoff of wild-type p53 is dependent on formation of
complex with E1b58kDa
To determine whether the shutoff of p53 observed in
A549 and HT1080 cells required binding of E1b58kDa,
cells were infected with different virus mutants which
contain insertion mutations in E1b58kDa (Kao et al., 1990)
and immunoprecipation of p53 was carried out. Both wt
Ad5 and mutant H354, which retains the ability to bind
p53, showed p53 shutoff compared with a mock-infected
control (Fig. 2a), whereas mutants A262, R309, and H326,
which all fail to form complex, showed no shutoff of p53.
A dose–response experiment confirmed this result in
which it was found that at a multiplicity of infection of 4,
H354 (binds p53) caused a substantial shutoff of p53,
whereas at a multiplicity of 100, H326 (does not bind
p53) had very little effect on p53 expression (Fig. 2b).
In a parallel experiment (Fig. 2c), a-actin expression
was also measured after infection with wt Ad5 and mu-
tants H354, H326, and dl338 to obtain an indication of
what effect adenovirus infection had on other cellular
proteins. In this case, only wt Ad5 showed a shutoff of
FIG. 2. Shutoff of wild-type p53 and a-actin protein synthesis requires
a-actin synthesis, as well as a generalized decline in binding of p53 by E1b58kDa. A549 cells were infected with 20 iu/cell
protein synthesis as indicated by the absence of coim- wt Ad5 or E1b mutant viruses dl338, H354, H326, A262, and R309 (a,
munoprecipitating proteins in this track. These data are c) and with the indicated virus doses (b), and p53 (a, b) and a-actin
(c) expression was determined by immunoprecipitation with specificconsistent with host protein synthesis shutoff requiring
antibodies. The radiolabeling of cells was begun at 21 hr p.i. and lastedfunctional E1b58kDa and p53/E1b58kDa complex.
2 hr, at which time cells were lysed and immunoprecipations carriedThe above data suggest that shutoff of p53 protein out. Antibodies: N normal rabbit serum control; 421 PAb421 against
synthesis is dependent only on E1b58kDa binding p53, p53. a-Actin immunoprecipation was done with a commercial antibody
but that shutoff of other proteins requires not only p53/ from Zymed Laboratories (Catalog No. 03-3100).
E1b58kDa complex but also other functions of E1b58kDa.
to those of the p53 shutoff (cf. Fig. 1), but it did not causeWild-Type Ad5 neither shuts off a-actin synthesis nor
shutoff of a-actin synthesis in 143B cells (Fig. 3).replicates in mutant p53 cells
Next, adenovirus DNA replication was assessed at
different times postinfection of A549 and 143B cells usingThe above data suggest that both p53 and host protein
synthesis shutoff require formation of p53/E1b58kDa Southern blotting. Results showed (Fig. 4) that although
E1a protein levels were similar as shown (Fig. 1c), thecomplex and that p53 shutoff occurs only in wt p53-
expressing cells. If these are important determinants of level of adenovirus DNA replication was at best about
16-fold lower in 143B cells than that observed for A549virus replication, then in cells expressing a mutant p53
protein, host protein synthesis shutoff will not occur and cells and the kinetics of DNA replication were delayed
about 2 days. This experiment was repeated using twothe virus will grow poorly.
To determine whether host protein synthesis shutoff other mutant p53-expressing cell lines, T98G and J82.
Results (Fig. 5) again showed considerably lower levelsoccurs after infection of 143B cells, they were infected
with wt Ad5 and a-actin synthesis was measured by of adenovirus DNA replication compared with A549 cells
and with delayed kinetics. These data are again consis-immunoprecipitation. As predicted, the results show that
wt Ad5 caused a time-dependent decline in a-actin syn- tent with the hypothesis that adenovirus grows poorly in
mutant p53-expressing cells.thesis after infection of A549 cells, with kinetics similar
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FIG. 3. Wild-type Ad5 does not shut off a-actin synthesis in mutant
p53-expressing cells. A549 and 143B cells were infected with wt Ad5
and, at the indicated times postinfection, cells were radiolabeled and
immunoprecipitations carried out with an antibody to a-actin. The re-
sults show that wt Ad5 shuts off a-actin synthesis in A549 (wt for p53)
cells but not in 143B cells (mutant for p53).
The ability of these cells to support virus replication
was also measured. This was done using a modified
CPE assay as described previously (Precious and Rus-
sell, 1985), which measures cell loss and/or cell death
consequent on infection. Cells were infected with differ-
ent virus doses and the ability to cause CPE 3 days p.i.
was determined either by direct staining with crystal vio-
let (Precious and Russell, 1985) or by measuring total
protein (see Materials and Methods). Both methods gave FIG. 4. Adenovirus DNA replication is impaired in 143B cells. A549
similar results. One result after direct crystal violet stain- and 143B cells were infected and, at the indicated times postinfection,
ing is shown in Fig. 6 and this clearly illustrates that wt total DNA was extracted and digested with HindIII and the DNA frag-
ments were size-separated by agarose gel electrophoresis. The DNAAd5 caused significant CPE after infection of A549 cells,
was then blotted onto nylon membrane, and viral DNA was detectedbut none was detectable after infection of 143B cells.
by hybridization to a probe generated from the adenovirus E1b gene.
This experiment was extended using the microtiter plate After extensive washing the blot was exposed to X-ray film. (a) Direct
assay with total protein measurements as an indicator autoradiographic result. (b) Quantitation of the blot by phosphoimaging
of CPE. The results of one such experiment (Fig. 7) dem- analysis.
onstrate that in wt Ad5-infected A549 and 293 cells, a
significant CPE occurred by 3 days p.i., but no CPE oc-
The results of these experiments show that in threecurred in either 143B or T98G cells, consistent with the
mutant p53-expressing cell lines, there is an inability tovisual evidence provided in Fig. 6. Similar results were
support either wt or E1b mutant adenovirus growth. Thisobtained in J82 cells (unpublished observations). Instead
appears to correlate with a failure of the virus to shut offof causing a CPE, there was a small but reproducible
host protein synthesis and to form a complex betweenincrease in total protein (Fig. 7). This increase was also
p53 and E1b58kDa.observed with UV-inactivated wt Ad5 after infection of
A549 cells (data not shown), which may be due to mito-
genesis induced by the binding of the virus to integrin
avb5, one of the virus’ putative receptors (Belin and Bou-
langer, 1993). When the assay was carried out at 6 days
rather than 3 days, p.i., there was still little or no CPE in
all the above mutant p53-expressing cell lines (data not
shown).
When the E1b mutant dl338 was tested in the same
assay, we found no CPE in any of the cell lines except
in the 293 cell control (Fig. 7). These data stand in con-
FIG. 5. Adenovirus DNA replication is impaired in two other mutant
trast to those reported by Bischoff et al. (1996) who p53-expressing cell lines. A549, T98G, and J82 cells were infected with
showed that the E1b-deficient virus dl1520 was able to wt Ad5 as described. At the indicated times, DNA was extracted and
adenovirus DNA detected by Southern blotting as above.replicate in mutant p53-expressing (tumor) cells.
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FIG. 6. Wild-type Ad5 does not cause a cytopathic effect in 143B cells. About 1 1 106 A549 and 143B cells in 10-cm tissue culture dishes were
infected with wt Ad5. Two to three days postinfection, cells were fixed and stained with crystal violet. Stained cells were then photographed directly.
Both E1b mutants H326 and H354 show impaired was carried out using the insertion mutant viruses H326
and H354. Neither shuts off host protein synthesis asability to replicate in A549 cells
indicated by a-actin levels (Fig. 2c), but H354 shuts off
Results above indicate that p53 shutoff requires only p53 (Figs. 2a, 2b). The results of infecting A549 cells with
binding of E1b58kDa, but shutoff of other proteins re- these viruses are shown in Fig. 8. Both viruses caused
quires the complex and other E1b58kDa functions. In CPE in A549 cells at higher doses but were approxi-
addition, under conditions where neither of these occurs mately 100-fold less effective at inducing CPE in A549
(i.e., in mutant p53 cells), there is no detectable adenovi- cells than in the control 293 cells, with little difference
rus replication as indicated by the CPE assay. To deter- between the two mutants. Thus, while the p53/E1b58kDa
mine if both p53 shutoff and host protein synthesis shut- appears to be necessary for p53 and host protein synthe-
sis shutoff, neither is absolutely required for adenovirusoff are necessary for virus replication, a CPE experiment
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FIG. 7. Wild-type Ad5 and the E1b-defective mutant do not replicate in mutant p53-expressing cells. A549, 293, 143B, and T98G cells were infected
with serial dilutions of virus and, at 3 days p.i., the virus-induced cytopathic effect was measured by total protein analysis. The results are plotted
as relative total protein (compared with uninfected cells given the value of 100, i.e., our CPE index) versus virus dose. The SEM (n  4) is also
indicated where it is greater than or equal to 5%. Details are as described under Materials and Methods. The results show that only in the wt p53
cells (A549) and control 293 cells do the viruses produce a significant cytopathic effect.
replication. However, host protein synthesis shutoff mutant p53 protein is switched off after infection with
adenovirus (Fig. 1) and that this is strictly dependent onwould appear to enhance the efficiency of adenovirus
replication. the p53/E1b58kDa complex (Fig. 2). However, another
protein, a-actin, was not shut off by any virus other than
wt Ad5, including a mutant (H354) that retained the abilityDISCUSSION
to bind and shut off p53 (Fig. 2). These data indicate that
the p53/E1b58kDa complex is also required to shut offThe studies reported in this paper have explored a
the synthesis of other host proteins. By contrast, in mu-role for the p53/E1b58kDa complex in the adenovirus
tant p53-expressing cells infected with wt Ad5, neitherreplication cycle. We have used a combination of adeno-
p53 nor a-actin was shut off and we failed to obtainvirus mutants containing different defects in the E1b58-
significant evidence of adenovirus replication in thesekDa gene along with human cell lines that express either
wt or mutant p53 proteins. Our data show that wt but not cells (Figs. 6, 7), despite early proteins being expressed
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FIG. 8. E1b mutants H326 and H354 show impaired ability to replicate in A549 cells. A549 and 293 cells were infected with serial dilutions of
mutants H326 and H354, and the virus-induced cytopathic effect was measured 3 days later as described under Materials and Methods. Both
viruses caused some cytopathic effect on A549 cells, but this is much less pronounced than on the 293 cell control carried out at the same time.
as well as in a wt p53-expressing cell line (Fig. 1c) and insertion mutant, S380, was found to be wt for host pro-
tein synthesis shutoff (Yew et al., 1990), but was impairedthere being evidence of viral DNA replication (Figs. 4, 5).
These data are consistent with the hypothesis that shut- for p53 binding (Kao et al., 1990). The host shutoff data
reported by Yew et al. (1990) were obtained after infectionoff of host protein synthesis is necessary for adenovirus
replication and that this requires the p53/E1b58kDa com- of HeLa cells in which little or no p53 is detectable due to
degradation by the E6 protein from human papillomavirusplex. Surprisingly, however, when mutants H354 and
H326 were tested for replication ability in A549 cells (Fig. (Scheffner et al., 1990), which is present in these cells.
Thus, p53 is already ‘‘in essence’’ shut off. If p53 shutoff8), both showed evidence of replication in the CPE assay,
albeit 100-fold less well than on control 293 cells. Collec- is essential for other cellular proteins to be shut off, then
the inconsistency may be explained. Notwithstandingtively, these data suggest that although host protein syn-
thesis shutoff plays an important role in promoting ade- this comment, our data do need to be extended with
other insertion mutants including S380. Interestingly, anovirus replication, and this may require the p53/E1b58-
kDa complex, it is not an absolute requirement. recent report has indicated that the adenovirus E4ORF6
protein binds E1b58kDa (Sarnow et al., 1984) and over-There could be two reasons for the failure of p53 to
be shutoff after infection of 143B and T98G cells. One laps the p53 binding domain (Rubenwolf et al., 1997). Of
importance here is that mutants A262, R309, and H326could be a failure to form complex and the second could
be due to an extended half-life of the mutant p53. For do not bind E4ORF6, but H354 and S380 do. In our case,
the first three mutants do not bind and shut off p53, but143B cells, both are true. We previously reported that
E1b58kDa does not complex with p53 in cells containing H354 does (Fig. 2). Thus, in addition to the p53/E1b58kDa
complex, the E4ORF6 protein may also be involved inthe same p53 mutation (Braithwaite and Jenkins, 1989),
and our measurements from pulse–chase experiments shutoff of both p53 and host protein synthesis. This possi-
bility could also be tested by using a wider panel ofhave shown the p53 half-life in 143B cells to be in excess
of 6 hr whereas in A549 cells it is about 30–45 min E1b58kDa insertion mutants.
The second implication of Fig. 2 is that p53 shutoff(Ridgway, 1995). Despite this extended half-life, p53 is
still not switched off at 21 hr p.i. (Fig. 1b) nor is it shutoff and other host protein synthesis shutoff occur by two
different mechanisms. If p53 plays a role in regulatingat 30 hr p.i. (data not shown). Thus, failure to form com-
plex could be the key determinant of p53 shutoff. In addi- its own transcription (along with other transcription fac-
tors), as has been suggested (Deffie et al., 1993; Wu andtion, a-actin has a half-life in excess of 12 hr and it is
shut off by wt Ad5. Again, this result supports the conclu- Lozano, 1994), then E1b58kDa could inhibit p53 transacti-
vation by the repression mechanism proposed by Berksion that p53/E1b58kDa complex, not half-life, is the im-
portant factor in determining protein shutoff. (Yew et al., 1994). Thus, the p53 shutoff may be at the
transcriptional level. This hypothesis is currently beingThe data in Fig. 2 with the two mutants H354 and H326
suggest that shutoff of p53 and other cellular proteins addressed by studying the effect of an E1b58kDa expres-
sion plasmid on a cotransfected p53 promoter–reporterrequires p53/E1b58kDa complex. This result is seem-
ingly inconsistent with a previous report in which another plasmid against a wt or mutant p53 background. In addi-
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tion, the E4ORF6 protein could also be involved in this In summary, our data provide evidence of a role for
the p53/E1b58kDa protein complex in the regulation ofprocess, because, as well as binding E1b58kDa, it can
also bind to a distinct domain on p53 and inhibit p53- adenovirus replication and specifically in the shutoff of
host protein synthesis. This is the first time such a rolemediated transactivation (Dobner et al., 1996). On the
other hand, as p53-dependent transcription is clearly not for the complex has been reported.
involved in general protein synthesis shutoff, a different
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